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Although  citrus  juices  (primarily  grapefruit)  have  been  canned  in  Florida 
for  many  years  by  exhausting,  sealing,  and  then  processing,  this  method  is  now 
being  replaced  by  the  more  modern  technique  of  high-short2  pasteurization.  Where- 
as the  old  method  subjected  the  juice  to  temperatures  of  80  to  85°  C.  (176  to 
185°  F. )  for  periods  ranging  'from  one-half  to  one  hour,  in"  the  high-short  pro- 
cedure the    juice  is  heated  at  85  to  88°  C.  (185  to  190°  F, )  for  only  a  few 
seconds.     It  has  been  found  that  this  method,  especially  when  used  in  conjunc- 
tion with  efficient  de-aeration,  aids  in  preserving  the  natural  aroma  and  taste 
of  the  juice  and  its  vitamin  C  potency  and  prolongs  storage  life.    These  temper- 
atures and  times,  too,  are  nrobably  sufficient  to  inactivate  enzymes  responsible 
for  subsequent  settling  or  "curdling"  of  the  recessed  juice, 

A  bacteriological  study  of  organisms  present  in  fresh  citrus  juices  and 
those  surviving  high-short  pasteurization  should  be  of  definite  practical  value. 
Pathogenic  organisms  of  the  colon-typhoid-dysentery  group  arc  said  to  be  found 
on  citrus  fruits  and  in  their  juices,  Garcia  (1911).    Possible  sources  of  such 
contamination  may  include  flies,  picking  and  handling,  polluted  rash  waters, 
and  the  use  of  drops.    These  pathogens  and  indicators  of  pathogens  would  not 
survive  pasteurization  temperatures  in  the  case  of  citrus  juices  because  of  the 
acidity  of  the  medium.     For  this  reason,  microorganisms  in' citrus  juices  are  more 
easily  destroyed  by  high-short  pasteurization  than  microorganisms  in  milk,  Breed 
v 1932 )  • 

According  to  Berry  (1932),  thermophilic  and  similar  heat-resistant  organisms 
have  been  found  in  canned  tomato  juice,  giving  the  juice  an  off- flavor  which  was 
almost  nauseating  in  extreme  cases.     In  the  present  work  thermophiles  were  iso- 
lated from  pasteurized  citrus  juices.    These  organisms  were  slated  out  op  dex- 
trose agar  and  incubated  at  550  C.(l31°F.)  under  aerobic  and  anaerobic  conditions. 

EXPERIMENTAL  PROCEDURE 

Samples  of  juice  from  the  same  lots  before  and  after  processing  were  ob- 
tained at  different  citrus  canneries.     Fresh  juice  was  sampled  immediately  as  it 
came  from  the  extractors  or  was  taken  from  blending  tanks.    The  nasteurized  juice 
was  obtained  either  from  the  filler  bowl  or  from  sealed  cans  after  thev  had  passed 
through  the  cooling  tanks.    The  samples  were  plated  within  30  minutes  after  thev 
had  been,  obtained. 
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2  This  is  the  term  suggested  by  Shrader  as  d  substitute  for  "flash".    This,  latter 
term  is  considered  a  misnomer  by  most  food  technologists. 


,  P1^in?  was  CGrried  out  on  nutrient  agar,  wort  agar,  trvpsin-disest  azar 

Zfftz^ii^mi  pvrisros  of  the  coii-aer ^  ^-Pn,dLs::oSegSoth 

metbodf  o    ^    a  ^  SCld  phosPhate  *W  ^sod  and  incubated  according  to  the 

methods  of  the  American  Public  Health  Association  (1933).    Results  from  these 
tests  were  confirmed  by  Endo's  agar  .and  Brilliant  Green  LctLf  Bile  W  ^th 

exception  of  wort-agar  plates,  incubation  ms  at  37°0.  (Q8.6°F.)  for  72  hour., 

V;ort-agar  plates  were  incubated  at  25°C.  (77oF  )     '     '    ?  '  \  7 

counts  riri  „„+w-     4.  W(  for  72  hours;  and  some  of  the 

coTi  -  T.  at  2°°C-  (68°P-)-    Aerobic  counts  were  ac 

w>"ioh  ,  1  +aCC°rdlng  t0  Dick'S  aerobic  plate  method,  used  by  Tanner  (1928)  in 
otr  ^    f  TS  pUted  aS  USUa1'  an  additional  layer  of  agar  being  poured 

pi^ed  on  tarhdr:d  asr  irvthe  piate-  After  coon^     ^1  ;si 

H  e0  "     h ^h ^  ::a.COatlnS  °f  aS8r-    Plat6S  —  the*  P*-*  in  a'Novy  jar 


DISCUSSION  OP  RESULTS 


able  ™b°rs  (T\S^  m°U*>  bactc^a  *  consider- 

lated  wdth  thi  .  ;  '  n     '  ?! ^  6)#    Varlationc  ^  counts  could  not  be  corre- 

lated w«h  the  apparent  cleanliness  of  the  plant,  nor  was  there  any  significant 

tesllflAl?^  *heXi  PapCrS'  rep°rt  a  -nsiderably  lower  count  for 

freshly  extracted  orange  juice  than  was  obtained  by.  the  authors.    Their  iuice 
was  prepared  in  the  laboratory,   but  without  special  precauti  ns  as  to  sterility 
of  equipment.     It  would  seem  that  the  counts  reported  here  for  samples  repre- 
Lubiedirrir^1  :xtracti°n  °*  ?itru*  J"*"         unnecessarily  high  and" rL 
t^l^^^  ^         £  ^  ^er  the  fruit  hL  oassed 

tMrJ*  °?"  Sr5le  °f  ^asteurized  grapefruit  juice  was  a  mold  count  ob- 

run    t\ZaXi  T        mS    ak6n  fr°m  &  ^  collected  at  the  start  of  the  day's 
run  at;  one  plant. 

A  number  of  colonies  of  yeasts  and  molds  .from  row  juice  -ere  obtained  from 
follows r"0^  P  Subcultures«    These  examined  and  identified  as 

Saccharomyces  cerevisiae  '  Saccharomyces  ellipsoideus 

Saccharomyces  apiculatus  Saccharomyces  pastorianus 

lorula  (one  a  nink  torula)  sp.  Mycoderma  cerevisiae 

Dematium  sp.  0idium  (one  a  red  oidium)  so. 

?0nxla.??/      ,  .  Penicillium  glaucum 

Aspergillus  glaucus  Aspergillus  sp. 

TnQ  °rV°?/U!tUreS  °f  bacteria  ™re  isolated  from  the  raw  iuice.  No  attempt 
Involved3  to  ldentlfV.the  0r6?nisms  in  the  raw  O'uioe  because  it  was  felt  the  time 
involved  to  carry  out  a  complete  study  would  not  be  justified.     It  was  considered 

h"h  Z7t        ,  °        17*  id-tificati-  of  those  organisms  surviving  the 

nign-short  pasteurization,  ,-  . 

or  ,v.!°^°f4-the.baCteria  isolated  to™  Pasteurized  juice  would  grow  on  orange 
and  T^C    (77  T?^olAr  °jther  aer°bi0  °r  ^aerobic  conditions  at  25,37, 

&?    55     JJ7'9,'6  and  l^°F^'     S^e  of  the  isolated  organisms  did,  however, 
show  growth  on  dextrose  agar  at  55° C.    The  inability  of  all  the  organisms  iso- 
lated m  our  study,   including  the  thermophiles,  to  grow  in  citrus  juices  indicates 
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that  the  organisms  are  not  a  factor  in  the  development  of  off-flavors  in  canned 
juice*    The  molds  isolated,  however,  did  grow  under  aerobic  conditions  at  25°C, 

Survival  and  destruction  determinations  of  organisms  isolated  from  pasteur- 
ized juice  were  made  by  inoculating  sterile  orange  juice  (pH  3«7)  vrith  a  loop  of 
a  six-day  culture  of  the  organism*    The  inoculated  juice  was  contained  in  Pyrex 
test  tubes  which  were  placed  in  a  water  bath  heated  to  85°C.  (l85°F»)»    A  similar 
tube  of  orange  juice  with  a  thermometer  was  used  as  control  for  temperature  read- 
ings i    One  minute  and  two  minutes  after  the  juice  had  reached  the  desired  temper- 
ature a  loop  was  removed  from  the  inoculated  tube  and  streaked  on  nutrient  agar. 
At  intervals  of  two  minutes  additional  loops  of  material  were  withdrawn.    A  tem- 
perature of  85°G,  was  selected  as  it  is  the  minimum  temperature  of  pasteurization 
usually  employed  in  Florida  citrus  canneries.    The  other  temperature  used  in  these 
tests  was  99°C.(210.2°F. ),    Although  the  tubes  were  in  a  boiling  water  bath,  the 
contents  never  actually  reached  100°C.  (212°F. ), 

Survival  and  destruction  times,  determined  as  described  above,  of  unidenti- 
fied organisms  from  pasteurized  citrus  juices  are  given  (Table  7)« 

The  destruction  time  of  most  of  the  organisms  surviving  high-short  pasteuri- 
zation is  sufficiently  long  to  prevent  their  destruction  by  this  method  of  past- 
eurization.   Their  inability  to  grow  in  orange  or  grapefruit  juice,  however,  ren- 
ders them  unable  to  cause  spoilage  from  a  .biological  point  of  view. 

Organisms  isolated  from  pasteurized  juice  and  identified  consisted  of  the 
following^:     Bacillus  mesenter icus,  Bacillus  subtilis,   Bacillus  vulgatus,  Mucor 
sp.  and  Penicillium  glaucum  (these  two  molds  were  isolated  from  one  of  the  first 
cans  from  the  line  when  the  day's  run  was  started),   Bacillus  cylindricus  (or 
Bacillus  cytaseus),  Lactabacillus ' thormonhilus,   Bacillus  non  diastaticus,  Bac- 
illus cereus,  and  Sarcina  sn, 

SUMMARY 

Samples  of  fresh  and  high-short  commercially  pasteurized  citrus  juices 
(orange  and  granefruit)  were  taken  at  intervals  during  the  canning  season  from 
five  different  canneries  for  bacteriological  examination. 

The  yeast  and  mold  count  of  raw  juice  ranged  from  a  minimum  of  800  to  a 
maximum  of  5li|»600  per  cc.     Bacterial  count  (aerobic)  ranged  from  a  minimum  of 
800  to  a  maximum  of  7^,00  nor  cc. 

Variation  in  counts  could  not  be  correlated  vrith  the  apparent  cleanliness 
of  the  plant,  nor  was  there  any  significant  difference  in  counts  of  samples 
taken  periodically  during  the  season, 

Coli-aerogones  group  Of  organisms  showed  a  count  ranging  from  a  minimum  of 
zero  to  a  maximum  of  1,000  per  cc  in  raw  juice, 

Escherichia  coli  was  shown  to  be  present  in  raw  juice  but  absent  in  pasteur- 
ized juice, 

3    Identified  and  named  according  to  Bergey's  "Mannal  of  Determinative  Bacterio- 
logy,", i+th  Ed.  (193^). 


Water  from  washing  tanks  in  the  two  'tanneries- -sampled  showed~high  coli»- 
aerogenes  content. 

Bacterial  count  of  pasteurized  juice  showed  a  minimum  of  zero  and  a  maxi- 
mum of  30  per  cc  under  aerobic  conditions;  and  a  minimum  of  zero  to  a  maximum 
of  lj2  per  cc  under  anaerobic  conditions.    None  of  the  bacteria  isolated  from 
the  pasteurized  juice  vould  grow  on  orange  or  grapefruit  agars  either  aerobi- 
cally  or  anaerobically.    Some,  however,  grew  on  dextrose  agar  at  55°c.(  131°F. ), 

Survival  and  destruction  times  of  most  of  the  organisms  not  destroyed  by 
high- short  pasteurization  were  sufficiently  high  to  prevent  their  destruction 
by  this  means  of  pasteurization.    Their  inability  to  grow  in  orange  or  grape- 
fruit juice,  however,  renders  them  unable  to  cause  spoilage  from  a  biological 
point  of  view. 

High-short  pasteurization  of  orange  and  grapefruit  juice  as  practiced  in 
the  canneries  studied  is  shown  to  be  efficient  in  destroying  organisms  vhich 
may  later  cause  biological  spoilage. 

The  authors  are  indebted  to  Dr.  H.  E.  Goresline,  Senior  Bacteriologist  of 
the  Food  Research  Division  of  the  Bureau,  for  his  helpful  suggestions  and 
criticisms  in  preparing  this  manuscript, 
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Table  1  -  Bacteriological  Examination  of  Raw  &  Pasteurized  Canned  Cit .Juice-Plant  A 

(Organisms  per  c.c.) 
-  RAYJ  juice 


 Nutrient  Agar  Tomato- J .  agar  Tryp sin-digest  egar 

Sampling       Wort  agar  Aerobes    Ana- r  Aerobes    Ana-  Aerobes    Ana-    aerobes  Ana- 
Date                            37° C     ,  erobes  ,?0°C,    orobes  37°C,    erobes    37  C.  e59°e& 
  C96.6°F)    37° C.  (68°F)    20° C.  37°0>   370  C, 

I/7/38         119,700         87,000    1— —     53,900     —  

I/17/38  1,900  1,300    2,500     —  i  

2/ii/38  13,000         39,700    10,000      

2/19/38       U+,000       37,000    24i-000   '7,000  —  11,000 

3/10/38       35  1,000       1+38,000    18(5;  000  — —  7,^000   -  657000 

1/15/  '8       51IT ,  600       10f?.  000    91000  217 , 300  \M  9  M  ".  1  xOOO  272 . 800  y>. cOOO 


208s  000 


Pasteurized  Canned  Juice 
Tfy-foS  0  0  -   0   ' 
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Table  2- Bacteriological  Examination  of  Ravr  &  Pasteurized  Canned  Citrus  Juice,-- 

Plant  3I    (Organisms  per  cc) 


Wort  Agar 


18,600 

800 
17, 000 

22,000 
1L.,  000 


37°  c. 


Sampling 
date  • 

1/7/38. 
1/17/38 
2/V38 
2/19/^8 
3/17/38 

1/7738  0" 

1/17/38  0 

2/1./38  0 

2/19/^8  0 

3/17/36  0  

1  Counts  are  all  aerobic* 


2,000 
800 
13, 000 
31, COO 

6,000 


_RAW JUICE 
Nutrient 

20°c7(68OF)" 

25, 000 
3,^00 
I48, 100 

29, 000 
35,000 


Tomato 


PASTEURIZED  CANNED  JUICE 


11 
0 
0 
0 
0 


2 
0 
0 
20 
0 


37°  c. 


ar 


26,  000 
2,000 


1 

0 


Trvosin  digest 
agar  37°C. 


16, 000 

9,000 


0 
0 


Table  3- Bacteriological  Examination  of  Raw  and  Pasteurized  Canned  Citrus  Juice  — 

Plant  C    (Organisms  per  cc) 


Raw  Juice 


Sampling 
date 


1/7/38 
I/17/38 
2  A/3  8 
2/19/38 
3/10/38 

3/2  V38 

1/13/38 

V28/38 


TFortT 


Agar 


Nutrient  Agar 


Tomato- J  agar    T/yr>ai:i  digset  a  5,01* 


55, 000 
11,600 

121,000 
92, 000 
87,500 

125, 500 


59, 000      58, 000 


Aerobes.  Ana-  aerobes  Asm*  Aerobe 
fkiWH,  \erobes  ,2CoC.  erobes  37eC. 
(98.6^Fa)  570c,.  (63°F0)  2QQC.   

140, 100     — -  .^Toco   

ill,  300  —  15,000  — 
89,000       —     136,1+00  — 

106,000      —   236,000  -— 

38,000       —  26,000   

73,000      —    160,000  — 
  11,160    —  51620 

16, 000    85, 000  75000 


iina-  Aerobes 
erobes  370c 


Ana- 
eru bes 

37::o., 


125000 
58000 

76000 

80000 


PASTEURIZED  CANNED  JUICE 


725i;0 
85000 


98,000 
37,000 
130, 000 

15,500 


37.1*50 
81*,  500 


V7/38 

1/17/38 

2/V38 

2/10/38 

3/10/33 

3/2V38 

V13/38 

V28/58 


0 
0 
0 
0 
0 
0 
0 
0 


0 
0 

5 

0 
0 


0 
0 
0 
0 
0 
0 

0 


1 

0 


0 
0 
0 

0 


1 

1 

0 

am 

0 


0 
0 


Table  lj- Bacteriological  Examination  of  Raiv  and  Pasteurized  Canned  Citrus  Juice  - 

 Plant  D    (Organisms  per  cc)   

Nutrient 


Sampling    "  • 
date 

Wort 
Agar 

Haw  3.,  5/5/38  165C00 
Qan.j.,  5/5/38  0 


ierobes  An 


agar  

aerobes  Ana- 
obes  20°  C, .  erobes 
7tfC.  (68° P.)    20° C. 


Tryp.  dig»  agar 


Tom«J  agar 

Aerobes    Ana-  Aerobes  -una- . 

37°  C,     erobes    37°0.  erobes 

37° c.  37° a. 


56000   53000  102000  35000 
6        l£        30  18 


117000      109000  167000 
2  3  7 


79000 
k 
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Table  5  -  bacteriological  Examination  of- Raw  and  Pasteurised  "Canned  Citrus  Juice" 

Plant  E    (Organisms  per  cc.) 


Sampling    Tfort  agar   w^r- — +r-r  RAW  JUICE  

37°C.    erobes    20°C.    erobea    370c     erote,  ^ 
(98.6°F)  57°0.  (68Qf.)    20oc>    57  °'    f"b«    37  0.  erobe, 
~— — —  ————  —   ...        *  ______        *7  c. 


J/l/Zl       lf*°00       26*°00  25»000  155,000  110,000    21000    18000    25,000      15  000 

3/28/38  2^000  21,000  13,000  36tooo    5.Q00  77000-3,000  1^000  K 

,_  ,   PASIElfclZfep  JUTcfT~  '  ' 

WWp        0 19         5        n  5  3  2  r  2 — 

5/26/38            0               l  3            x            Q          3          2           3  2 


Table  6  -  Presumptive  Coli-Aerogenes  Lactose- Broth  Tests  of  Raw  Oitrus  Juice  and 

Water  from  Fruit-Bashing  Tanks1    (Organisms  per  cc) 

Sampling  Date  Plant  A2 

V7/38  ~   <l   — 

1/17/38  <x 
2/V38  l,u00 
2/17/36  ibo 
3/17/38    1 


Plant  B 

Plant  C3 

<rl 

0 

<:  1 

•*1 

1,000 

0 

100 

55 

0 

1 

---   -------   k   ^w^^xxig,  uu    ^^ci.i'usii-u  neonoas  01  water  Analysis  . 

7th  ed.  p.  132(b)  (1933). 

2  Fruit-washing  tank  water,  Plant  A  -  10,000  on  2/17/38, 

3  Fruit-washing  tank  water,  Plant  0  .  1,000  on  2/V38. 

Table  7  -  Survival  And  Destruction  in  Orange  Juice  (pH  3.7)  of  Organisms  (Unidenti- 

fied)  Isolated  from  Pasteurized  Citrus  Juices1 

  Organism  No.  Survival  and  destruction  times 

1,   15,  21,  23  Survived  10  min.  at  99u0.  ( 210.2° K) 

Destroyed  in  7  min.  at  99° C.  - 

8'   29i   1^4  Destroyed  in  5  min.  at  85°0.  ( 185°F. ) 

10  Destroyed  in.  1  min.  at  99° C. 

*6  Destroyed  in  3  win,  at  85° C. 


1  See  text  for  method  of  determination. 


*-  1  B  R  a  pyl 


